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M Introduction

One of the serious hazards for both
surface and underground water are in-
dustrial wastewaters, including tex-
tile wastewater. The large quantities of
wastewaters produced, their diversified
composition, substantial load of organic
and mineral pollutants, high toxicity and
poor biodegradability cause that textile
wastewater is one of the most difficult to
treat. For these reasons it requires multi-
stage treatment technology where after
mechanical pretreatment, various physi-
cal, physicochemical, chemical and bio-
logical processes are applied. The proper
selection and combination of subsequent
stages of the treatment, taking into ac-
count the amount and specific features
of the wastewater treated, enable the
removal of pollutants with possible low
investment and operation costs.

Recently, growing interest has been ob-
served in multi-stage wastewater treat-
ment technologies which include chemi-
cal oxidation processes and the so-called
advanced oxidation processes (AOP) as
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one of the processing elements [1 - 3].
Many versions of these processes are
known, their mutual feature being the
formation of hydroxyl radicals with a
high oxidizing potential, as well as their
use in the oxidation of pollutants present
in water [4]. HO radials are generated in
different ways, including the reaction of
ozone with water, photolysis, hydrogen
peroxide, Fenton reaction, photocatalysis
with the use of titanium dioxide, radia-
tion, etc. A detailed discussion of these
processes can be found in survey articles
and monographs [5 - 10].

The high reactivity of hydroxyl radi-
cals and their low selectivity enable the
oxidation of big groups of organic com-
pounds present in textile wastewater,
including dyes and detergents. At the
same time this method can be used for
wastewater with different compositions
and concentrations of pollutants, which
are characteristic of textile wastewater.
An additional advantage of the method is
that it does not cause secondary pollution
of the environment and brings no risk
of overdosing on oxidants. Oxidation
reactions usually have a chain character
which ensures high yield and rate of the
process.

Advanced oxidation processes find mul-
tiple applications in textile wastewater
treatment. Investigations were carried
out on model objects, including solutions
of dyes and detergents, as well as dye
and washing baths [11 - 14]. Much atten-
tion was given to real textile wastewaters
coming from factories which process a
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variety of natural and synthetic materi-
als from different production cycles [15,
16]. Many versions of advanced oxida-
tion processes were studied, including
ozonation [12, 15, 17], the Fenton reac-
tion [18], as well as processes involv-
ing hydrogen peroxide, UV light [3, 14,
16, 17], radiation [19] and photocatalytic
processes [20]. The investigations con-
firmed that practically all versions of the
oxidation processes efficiently reduce
pollutants contained in the wastewater.
The degrees of COD and TOC reduc-
tion obtained were high, and detergents,
dyes and other organic components of
the wastewater were almost completely
removed. However, in most cases such
deep oxidation of organic compounds
in textile wastewater appeared to be not
cost-effective. Partial chemical decom-
position of pollutants is often sufficient,
and the wastewater can be further proc-
essed easily using less expensive biologi-
cal methods. The integration of chemical
pretreatment with final treatment using
biological processes is of great interest
[21, 22].

Hence, the aim of our researches was
to determine the biological degradabil-
ity of pollutants present in textile waste-
water exposed to a variety of oxidising
agents used either separately or in differ-
ent combinations. The oxidising agents
were ozone, hydrogen peroxide and UV
radiation. Experiments were carried out
on textile wastewater of various concen-
trations and compositions including con-
centrated washing and dye baths, general
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averaged process wastewater and rinsing
wastewater. Conclusions drawn from the
experiments are of great practical signifi-
cance for potential industrial applications
of the chemical oxidation methods.

B Methodology

The material tested was wastewater of
different concentration and composition
produced in textile factories in Lodz:

dye wastewater from the cotton dye-
ing process (samples 1,2, 3,4 and 10),
dye wastewater from the polyester
dyeing process (samples 5 and 6),
washing wastewater (sample 7),
averaged process wastewater (sam-
ples 8 and 9).

Initial values of COD and BODj of the
wastewater tested are given in Tables
presenting experimental results.

The textile wastewater was processed us-
ing the following oxidising agents:
ozone,
hydrogen peroxide,
ultraviolet light in the presence of ox-
ygen7
ozone combined with hydrogen per-
oxide,
ozone used jointly with UV light,
combined use of ozone, hydrogen per-
oxide and UV light.

In the ozonation experiments the system
for wastewater processing was composed
of the following elements: an ozonator
with auxiliary equipment, a reaction ves-
sel and a system of sorption washers. Ox-
ygen was pressed from a steel cylinder to
the ozonator through two drying columns
filled with CaCl, and P,Os5 deposited on
glass packing, and next through a flow-
meter used to read the oxygen flow ve-
locity. The ozonator system contained an
ELIMP device to measure ozone concen-
tration, which allowed us to measure the
content of ozone in oxygen at the reac-
tor inlet and outlet. 1.3 dm3 of wastewa-
ter was put in a glass reactor 1.5 dm3 in
volume equipped with a thermostating
jacket. Oxygen with ozone flowing to the
reactor was supplied to the solution by
means of a porous plate which ensured
good disintegration of the gas.

In the experiments with hydrogen perox-
ide, a 1.3 dm3 sample of wastewater was
placed in a thermostated reactor, and next
the desired amount of H,O, in the form
of 30% solution was added. The reaction
was continued for 8 hours. After comple-
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tion of the process, unreacted hydrogen
peroxide was decomposed using manga-
nese dioxide.

The process of UV irradiation of the
wastewater was carried out in a glass
reactor with a quartz tube placed in the
middle. In the tube there was an UV
Q-400 burner connected to a system
which supplied a lamp. The burner was
cooled by flowing air. Oxygen flowing
through the solution caused the mixing
and aeration of the wastewater.

In the experiments with ozonation in the
presence of hydrogen peroxide, 1 dm3 of
wastewater was placed in the thermostat-
ed reactor, and next the desired amount
of hydrogen peroxide in the form of 30%
solution was added. Then the ozone gen-
erator was started, and the oxygen flow
rate and ozone concentration produced
were determined. The reaction was car-
ried out for a specified period which
determined the dose of ozone supplied
to the wastewater. At the end of the reac-

tion, when the ozonator was stopped, ox-
ygen was passed through the solution for
about 15 minutes to remove the unreact-
ed O3. Hydrogen peroxide was removed
from the reaction medium by means of
manganese dioxide.

When the action of ozone was com-
bined with UV irradiation, the process
was started by turning on the ozonator
and UV light source located at the cen-
tre of the reactor at the same time. After
completion of the reaction, oxygen was
passed through the solution for about
15 minutes to remove the unreacted O3.

When hydrogen peroxide and UV ra-
diation were used jointly, a determined
quantity of hydrogen peroxide was added
to the wastewater, and the UV lamp was
turned on. The solution was mixed by
flowing oxygen. After some time the re-
action was interrupted by turning on the
UV lamp. The unreacted hydrogen per-
oxide was removed from the wastewater
by manganese dioxide.

Table 1. Changes in COD, BODs and BODs/COD in textile wastewater caused by ozona-

tion depending on ozone doses.

Sample no. Ozone dose, cop, BODs, BOD5/COD,
mg O3/dm3 mg Oy/dm3 mg O,/dm3 i

0 440 47 0.1

180 435 55 0.13

1 365 435 38 0.09
550 385 60 0.16

730 345 34 0.10

0 620 150 0.24

2 145 585 95 0.16
430 565 100 0.18

720 540 95 0.18

0 320 64 0.20

3 985 220 20 0.09
1970 135 14 0.10
0 120 <10 <0.08
4 145 115 <10 <0.09
430 81 <10 <0.12
720 63 <10 <0.16

0 1310 75 0.06

5 985 990 220 0.22
1970 980 50 0.05

0 510 125 0.25

450 500 60 0.12

6 900 455 130 0.29
1350 445 75 017

1800 440 150 0.34

0 1460 28 0.02

180 1460 25 0.02

365 1370 32 0.02

7 550 1370 30 0.02
730 1260 35 0.03

1300 1220 23 0.02

1800 1220 50 0.04

0 430 70 0.16

8 145 400 65 0.16
430 375 80 0.21

720 335 110 0.33

0 320 42 0.13

490 190 19 0.10

9 985 130 34 0.26
1480 140 47 0.34

1970 120 18 0.15
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In the case of the combined action of
ozone, hydrogen peroxide and UV radia-
tion, after placing the wastewater sam-
ples in the reactor and adding a specified
quantity of hydrogen peroxide solution,
both the ozone generator and UV light
source were turned on simultaneously.
After finishing the reaction, oxygen was
passed through the solution for about 15
minutes to remove the remaining O3. The
unreacted hydrogen peroxide was de-
composed by manganese dioxide.

Crude and processed wastewater was
subjected to analytical control which en-
compassed the determination of:
chemical oxygen demand (COD),
biochemical oxygen demand (BODs).
Additionally, the biodegradability of
the wastewater was measured by the
BODs/COD ratio. An increase or de-
crease in this parameter might provide ev-
idence of a growth or reduction in waste-
water  biodegradability, respectively.

@ Results and discussion

Ozonation

Table 1 shows changes in the COD,
BODs and biodegradability of waste-
water (BODs/COD ratio) in subsequent
textile wastewater samples which were
the result of ozonation depending on the
doses of ozone applied.

Ozonation caused the decomposition of
pollutants in the wastewater and a reduc-
tion in chemical oxygen demand by sever-
al to dozens of percent. An increase in the
ozone dose in the initial phase of the re-
action induced a significant improvement
in the COD reduction. At higher ozone
doses reaching 700 - 1000 mg Os/dm3
and more, the decrease in COD was much
smaller. This could lead to a conclusion
that only the compounds most resistant to
oxidation remained in the solution.

In the case of BODs, a considerable vari-
ability of changes in this parameter was
observed after the ozonation process.
From among the four samples of waste-
water from cotton dyeing tested, only in
one was a distinct twofold increase in
biodegradability found (sample 4). In the
other samples subjected to ozone treat-
ment, biodegradability was at a similar
level to that of the initial wastewater, or
even lower. In the wastewater from poly-
ester dyeing, the ozone treatment resulted
in increased biodegradability. In the case
of washing wastewater at high loading
and particularly high toxicity, no changes
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in biodegradability were observed de-
spite the application of extremely large
ozone doses. A remarkable growth in the
BODs/COD ratio was reported during
the ozonation of averaged process waste-
water (sample 8).

In conclusion, no explicit generalisation
can be made. The decomposition of pol-
lutants in wastewater induced by ozone
and their biodegradability primarily de-
pends on the type of raw material and
technologies currently used in the fac-
tory. For instance, in wastewater with al-
most identical initial values of COD and
BODs but from two different factories, in
one sample a decrease in biodegradabil-
ity was reported, while in the other there
was an increase (samples 3 and 9).

When the effect of a dose of ozone on
wastewater biodegradability was ana-
lysed depending on the initial COD
value, no evident regularities were ob-
served either. Both its increase and de-
crease were reported as being equal for
the wastewater at low and high loading.

Hydrogen peroxide

Table 2 gives results of the reduction in
the COD, BODs and BODs/COD ratios
for selected types of wastewater and dif-

ferent amounts of hydrogen peroxide
added.

Results of the experiments show that the
wastewater decomposition efficiency de-
pended primarily on the type of wastewa-
ter and dose of hydrogen peroxide. The
COD reduction was usually small, reach-
ing several percent only. At high doses of
hydrogen peroxide, it increased to dozens

of percent. The fact that wastewater de-
composition is the main factor influenc-
ing its treatment is confirmed by com-
parison of the effects of the decomposi-
tion of wastewaters with almost identical
initial values of COD and BODs (sam-
ples 3 and 9). In one sample a decrease
in biodegradability was reported, while
another showed a growth. From among
the samples tested, only in general aver-
aged process wastewater was there over
a double increase in biodegradability
observed. On the other hand, in all dye-
house wastewater the BODs/COD ratio
was significantly reduced. As with ozo-
nation, in the treatment with hydrogen
peroxide no explicit relations were ob-
served. In general it can be stated, how-
ever, that the use of big doses of hydro-
gen peroxide has no favorable effect on
wastewater biodegradability.

UV radiation

Changes in COD, BOD5 and BODs/COD
in textile wastewater induced by UV ir-
radiation are presented in Table 3.

When photooxidation processes were
used in the textile wastewater treatment,
very different degrees of COD and BODjs
reduction were observed depending
mainly on the type of wastewater tested.
In the case of the two wastewater samples
from the dyeing of cotton (samples 3 and
10) and those from polyester (samples 5
and 6), in two cases an increase in biode-
gradability was found after UV treatment,
while in the other two a decrease was ob-
served. An increase in the BODs/COD
ratio was obtained for averaged process
wastewater (sample 9). When analysing

Table 2. Changes in COD, BODs and BOD/COD in textile wastewater caused by oxidation

with hydrogen peroxide.

H,0; dose, COoD, BODs, BODs/COD,
Sample no. ém%Idm3 mg O,/dm3 mg 02/151m3 51
0 320 64 0.20
3 5 300 <10 <0.03
10 290 33 0.11
0 1310 75 0.06
5 5 1310 93 0.07
10 1280 13 0.01
0 510 125 0.25
1 510 85 0.17
6 2 500 95 0.19
3 490 65 0.13
5 490 75 0.15
0 320 42 0.13
5 210 54 0.26
9 10 170 50 0.29
15 170 49 0.29
20 150 10 0.07
0 430 132 0.31
0.5 430 77 0.18
10 1.0 345 40 0.12
1.5 320 15 0.05
2.0 320 23 0.07
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Table 3. Changes in COD, BODs and BODs/COD in textile wastewater caused by UV ir- the process of photooxidation in time, it

radiation. appeared that in four samples out of five,
a prolonged time, i.c. an increase in UV
Sample no. Time, cop, BODs, BODs/COD, radiation, improved, sometimes slightly,
h mg Op/dm3 mg Oo/dm3 - . .
5 320 o 020 the wastewater’s biodegradability.
’ ; 132 12 g:gg Combined action of ozone
0 1310 75 0.06 and hydrogen peroxide
° ; 1807800 ;2 g'?: Table 4 shows changes in COD, BODjs
0 510 125 0:25 and BOD5s/COD in textile wastewater in-
0,5 450 50 0.11 duced by combined treatment with ozone
6 1 440 26 0.06 and hydrogen peroxide depending on the
15 425 40 0.09 time and amount of HyO5.
2 410 29 0.07
? ?28 3; 813 Most of the pollutants contained in the
9 2 110 24 0.22 textile wastewater subjected to combined
6 150 27 0.18 treatment with ozone and hydrogen per-
0 430 132 0.31 oxide were decomposed. The degrees
10 2 jgg 1:2 g:gg of reduction obtained depended on both
10 430 140 032 the type of wastewater and on doses of
15 430 185 0.43 the two oxidising agents. At a constant

ozone dose and variable amount of hy-

Table 4. Changes in COD, BODs and BODs/COD in textile wastewater caused by the com- drogen peroxide (samples 6, 9 and 10),

bined action of ozone and hydrogen peroxide depending on the O3 and H>0; dose. the COD reduction degree increased
considerably. In the case of wastewater
O3 dose, H,07 dose, COD, BODs, BOD5/COD, from cotton in ample 1 in-
Sample no. mg O3/dm3 cm3 mg Oz/dm3 mg Oy/dm3 - ° ,CO on dyeing (sample 10), by
creasing the amount of HyO, from 0.5
0 0 320 64 0.2 ) .
3 985 5 190 10 005 cm3 to 2 cm3 (i.e. using small doses),
1970 10 135 63 0.47 the COD reduction increased from 54%
0 0 1310 75 0.06 to 73%. The wastewater from polyester
5 985 5 1310 3 0.06 dyeing (sample 6) behaved in an opposite
1970 10 1080 30 0.03 L . . .
way: with an increase in the quantity of
0 0 510 125 0.25 hvd ide added. the reducti
900 1 415 70 017 y r(.)gen peroxide a .e , the reduction
6 900 2 375 110 0.29 was increased very slightly from 19 to
900 3 400 15 0.29 21%. From the point of view of biode-
900 5 405 125 0.31 gradability, the most favorable seems to
980 g ?gg :‘2 06113 be a simultaneous increase in the doses
9 900 10 110 <10 <009 of the two oxidants .(sarr}ples 3 gnd ?).
900 20 175 <10 <0.06 For sample 3, a multiple increase in bio-
0 0 430 132 0.31 degradability was obtained. An optimal
1800 0.5 200 55 0.28 selection of doses of both oxidants which
10 1800 1.0 185 16 0.09 ensures a significant growth in wastewa-
1800 1.5 145 60 0.41 . 1 A
1800 20 15 20 017 ter biodegradability depends primarily on

the type and character of the wastewater

treated and should be settled individually.
Table 5. Changes in COD, BODs and BODs/COD in textile wastewater due to the com-

bined action of ozone and UV radiation depending on the reaction time. Combined action of ozone
and UV radiation

Sample no O3 dose Time cobD BODs BODs/COD
) mg Oz/dm3 h mg O,/dm3 mg O,/dm?3 - Table 5 shows changes in COD, BODjs
0 0 320 64 0.20 and BODs/COD in textile wastewater
3 985 ! 140 10 0.07 which are a result of the combined action
1970 2 125 13 0.10 ¢ JUV radiati
0 0 320 ) 013 of ozone an radiation.
985 1 105 12 0.1 .
9 1970 5 105 18 017 The re'sults shoyv the‘eV1den.t effs:ct. of
0 0 1310 75 0.06 ozonation combined with UV irradiation.
5 985 1 1020 40 0.04 The degrees of COD reduction increased
1970 2 960 75 0.08 from 27% (sample 5) to 75% (sample
0 0 430 132 0.31 10). The changes in wastewater biode-
10 900 ! 180 %0 0.28 radability were usually insubstantial
1800 2 110 38 0.34 gradabriity y -
0 0 510 125 025 A noticeable decrease was observed in
5 900 1 440 74 0.17 sample 3, while there was an increase in
1800 2 340 89 0.26 samp]e 9.
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Combined action of hydrogen
peroxide and UV radiation

Changes in COD, BODs and BOD5/COD
in textile wastewater caused by the com-
bined action of UV radiation and hydro-
gen peroxide are shown in Zable 6.

The COD reduction and changes in bio-
degradability were analysed in relation to
the reaction time and quantity of hydro-
gen peroxide applied. Despite the short
reaction time for the averaged process
wastewater (sample 9) at big doses of
hydrogen peroxide, significant degrees
of COD reduction were obtained. Fur-
thermore, in the case of wastewater from
polyester dyeing (sample 6) for a pro-
longed reaction time of 2 hours with five
times smaller doses of HyO,, the COD
reduction was high — 45%. Much more
resistant to oxidation processes appeared
to be another type of highly concentrated
wastewater from polyester dyeing (sam-
ple 5) where COD reduction did not
exceed several percent. In most cases a
distinct or slight increase in biodegrad-
ability was observed. Only in sample 3
at high reaction degrees was the BODs/
COD ratio reduced.

Combined action of ozone, hydrogen
peroxide and UV radiation

Changes in COD, BOD5 and BODs/COD
in textile wastewater caused by the com-
bined action of ozone, UV radiation and
hydrogen peroxide are shown in Table 7.

In the case of combined ozonation, hy-
drogen peroxide and the UV irradiation
of wastewater, very good results were ob-
tained with respect to pollutant reduction.
This can be observed particularly in the
averaged process wastewater (sample 9),
where COD reduction was 94% and in
the cotton dyeing wastewater (sample
10) with 87% reduction. Moreover, high-
ly concentrated polyester dyeing waste-
water (sample 5) was well degraded after
a not very long reaction time and small
doses of O3 and H,O,. A significant in-
crease of biodegradability was reported.
A decrease was observed only at high re-
action degrees (sample 10).

Diversity and continual changes in the
composition and quantity of wastewater
generated in textile factories make treat-
ment processes difficult. The methods
proposed should be efficient, economical
and flexible. The installation should be
prepared for frequent changes in treat-
ment methods and big variability in the
wastewater residence times. Advanced
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Table 6. Changes in COD, BODs and BODs/COD in textile wastewater caused by the
combined action of UV radiation and hydrogen peroxide depending on the reaction time

and H,0; dose.
Sample no. Tir::e, HZOgrg:se,

0 0

3 1 5
2 10
0 0

5 1 5
2 10
0 0
2 1

6 2 2
2 3
2 5
0 0
1 5

9 1 10
1 15
1 20
1 25

COD, BODs, BODs/COD,
mg Oy/dm3 mg O,/dm3 -
320 64 0.20
125 42 0.34
180 <10 0.06
1310 75 0.06
1230 107 0.09
1280 127 0.10
510 125 0.25
465 57 0.12
390 95 0.24
355 93 0.26
330 96 0.29
320 42 0.13
275 17 0.06
200 <10 0.05
244 <10 0.07
230 18 0.14
42 <10 0.24

Table 7. Changes in COD, BODs and BODs/COD in textile wastewater caused by the com-
bined action of ozone, UV irradiation and hydrogen peroxide depending on the reaction

time and H»>0; dose.

Sample no. O3 dose Time H,0, dose coD BODs BOD5/COD
mg O3/dm3 h cm3 mg O,/dm3 | mg O,/dm3 -

0 0 0 320 64 0.20

3 985 1 5 175 72 0.41
1970 2 10 245 11 0.04

0 0 0 1310 75 0.06

5 985 1 5 1000 235 0.23
1970 2 10 780 84 0.11

0 0 0 510 125 0.25

900 1 1 395 110 0.28

6 900 1 2 370 90 0.24
900 1 3 375 100 0.27

900 1 5 340 160 0.47

0 0 0 320 42 0.13

985 1 5 32 <10 <0.31
9 985 1 10 70 <10 <0.14
985 1 15 <20 <10 <0.27
985 1 20 <20 <10 <0.47

0 0 0 430 132 0.31

1800 2 0,5 255 185 0.72

10 1800 2 1 110 40 0.36
1800 2 1,5 95 33 0.35

1800 2 2 58 <10 0.17

oxidation processes are characterised
by high flexibility and, consequently, a
significant ability to change oxidation
parameters. The changing and selection
of reagent doses for such substrates as
ozone or hydrogen peroxide is a simple
task. Changing the reaction time is not
troublesome either, provided the instal-
lation is equipped with sufficiently large
tanks. Proper selection of parameters for
treatment processes requires continuous
control of the parameters of crude and
treated wastewater.

In most cases advanced oxidation proc-
esses are efficient in the decomposition
of pollutants contained in textile waste-
water. Ozonation and different versions
of combined treatment with ozone, hy-
drogen peroxide and UV radiation cause
a significant decrease in initial COD val-
ues, exceeding even 90% (cf. sample 9,
combined action of O3, HyO, and UV).
Worse results were obtained when hy-
drogen peroxide or photooxidation was
used. Although the photooxidation last-
ed for 15 hours, no COD reduction was
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Figure 1. Dependence of biodegradability (BODs/COD) on the
COD value obtained by various methods of advanced oxidation for

polyester dyeing wastewater (sample 6).

observed for sample 10. Poor effects of
COD reduction with the use of hydrogen
peroxide were obtained for samples 3, 6
and 5 despite the application of big doses
of HQOQ.

Advanced oxidation processes have a
diverse effect on wastewater biodegrad-
ability measured by the BODs/COD ra-
tio. These relations depend not only on
the wastewater type and composition but
also on the method of treatment applied
and the amount of oxidants used. This is
clearly reflected by the relations between
the biodegradability (BODs/COD) and
COD values of wastewater subjected to
the different versions of advanced oxida-
tion processes shown in Figures I and 2
for polyester dyeing wastewater (sam-
ple 6) and averaged process wastewater
(sample 9).

Based on the results shown in Figures
1 and 2, it can be concluded that the
mechanism of pollutant decomposition

COD, mgO,/dm’®

Figure 2. Dependence of biodegradability (BODs/COD) on the
COD value obtained using different versions of advanced oxidation

for averaged process wastewater (sample 9).

in wastewater in certain AOP versions
is similar. For instance, in sample 6, the
products of pollutant oxidation formed in
processes induced by hydrogen peroxide,
UV radiation and the combined action of
these agents are probably identical, and
the specified dependence of biodegrad-
ability on the COD of the wastewater can
be determined, as shown by the curve in
the graph below. The process of ozona-
tion, the combined action of ozone and
hydrogen peroxide as well as ozone,
hydrogen peroxide and UV radiation
probably proceed according to different
mechanisms resulting in the formation of
other products of pollutant decomposi-
tion. This is reflected by significant de-
viations from the relations determined by
the curve in the graph. Comparison of re-
sults for other wastewater samples tested
confirms that the method of treatment has
a significant effect on biodegradability.

Selection of the most advantageous ver-
sion of AOP for textile wastewater treat-
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Figure 3. Changes

in wastewater COD
sample 9

chemical oxidation.

for various types of

ment which ensures satisfactory biode-
gradability depends, on the one hand, on
the type and composition of the wastewa-
ter, and on the other on the selected com-
bination and doses of oxidants applied.
Each time this requires a precise analysis
of the wastewater composition, which
may be somewhat troublesome and dif-
ficult. For these reasons, it is easier to
compare the reduction degrees of the ba-
sic parameters of the wastewater for sim-
ilar reaction times. Figure 3 shows COD
values for different versions of advanced
oxidation processes. Based on these data,
it is easier to estimate the desirable de-
gree of wastewater treatment with the use
of biological methods.

B Concluding remarks

In summary, the processes of oxidation
with the use ozone, hydrogen peroxide
and UV radiation constitute efficient
methods for the decomposition of or-
ganic compounds present in wastewa-
ters, which is confirmed by a decreasing
wastewater COD. The situation is not so
unambiguous in the case of wastewater
BOD. On the one hand, we can observe
a decrease in BOD, which is evidence of
the decomposition of biodegradable or-
ganic compounds induced by oxidation
processes. On the other hand, in many
cases an increase in BOD is reported,
which shows a proceeding decomposi-
tion of hardly biodegradable organic
compounds and the formation of more
biodegradable compounds.

A result of the correlation between COD
and BODs in the wastewater is the BODj5
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to COD ratio, which is a measure of
wastewater biodegradability. In waste-
water subjected to oxidation, increasing,
decreasing and stagnant values of this
parameter are reported as being equal. It
seems that the correlations observed can
be explained in the following way: when
the parameter increases, the decompo-
sition of hardly biodegradable organic
compounds most probably proceeds with
better efficiency as compared to the si-
multaneous oxidation and decomposi-
tion of easily biodegradable compounds.
When this parameter decreases, the situa-
tion is opposite, i.e. the oxidation of non-
biodegradable organic compounds is less
efficient compared to the simultaneous
oxidation and decomposition of easily bi-
odegradable compounds. In cases where
wastewater biodegradability remains in-
variable, the efficiency of the oxidation
of biodegradable organic compounds is
balanced by their formation in the proc-
esses of the oxidation and decomposition
of hardly biodegradable compounds.

Changes in wastewater biodegradability
depended directly on the type and dose
of oxidants used. Among the oxidizing
agents applied (ozone, hydrogen perox-
ide and UV radiation), ozone appeared to
be the strongest oxidant, while UV light
was the weakest.

In the case of ozone application, with
an increase in its dose, a decrease in
wastewater biodegradability was usually
observed, which resulted from the high
oxidising potential of ozone. In the pro-
ceeding reactions the quick non-selective
decomposition of both easily and hardly
biodegradable compounds was observed.
This was revealed by a distinct decrease
in the wastewater COD , and by a BODs
which remained at a similar level. In
some types of wastewater (washing
wastewater, general averaged process
wastewater) particularly susceptible to
oxidation with ozone, when the COD de-
crease was especially high (by 50-70%),
a remarkable, even twofold or threefold
increase in wastewater biodegradability
was observed, which was probably due
to the efficient decomposition of com-
plicated organic structures into simpler,
more biodegradable ones.

When hydrogen peroxide was used, the
biodegradability of the wastewater no-
ticeably diminished. This was primarily
a result of the much weaker oxidising
properties of hydrogen peroxide, which
was shown by a slight decrease in COD
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in the wastewater treated, reaching sever-
al percent at most. At the same time, the
reduction in wastewater BODs was con-
siderable. Hence, in actual fact hydrogen
peroxide induced the decomposition of
well biodegradable compounds only.
This caused a decrease in the overall sus-
ceptibility of the wastewater to biological
degradation.

In the case of UV light application, in
most samples, with prolonged exposure
to UV, wastewater biodegradability de-
creased. A slight reduction in COD was
reported at a significant decrease in the
wastewater’s BODs , which proved the
domination of the oxidation of easily
biodegradable compounds over the oxi-
dation of hardly biodegradable ones. In
some of the samples, wastewater biode-
gradability increased remarkably, espe-
cially those in which UV irradiation in-
duced a significant decrease in COD with
BOD;s remaining at a constant or slightly
increasing level. In this case there was an
efficient decomposition of hardly biode-
gradable compounds.

It follows from the tests that ozone is an
oxidant which induces the most signifi-
cant increase in wastewater biodegrad-
ability. However, its dose should be de-
termined very carefully.
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